Remarks / Arguments 

A request for continued examination (RCE) is submitted herewith. 

The claims in the case at the time of the Final Action are canceled herewith. New 
claims 40-52 are submitted herewith. The Examiner at the interview of October 13 
agreed to consider these new claims if an RCE was filed with the response. 

Basis for new claim 40 is found in the application as filed at page 10, lines 19-21 
taken with lines 1-3. Basis for new claims 41-43 is found in the application as filed at 
page 10, lines 19-21. Basis for new claims 44-47 is found in the application as filed at 
page 11, lines 6-10. Basis for new claim 48 is found in claim 1. Basis for new claim 49 
is found in claims 3 and 12. Basis for new claim 5 1 is found in claim 4. Basis for new 
claim 52 is found in claim 10 taken with disclosure in the application as filed at page 5, 
line 27-30, page 6, lines 1 1-14 and 28 and page 22, line 32. 

We turn now to the rejections based on Yasuda JP06-267544. Claims 1-12, 14- 
27, 29 and 31-39 are rejected under 35 U.S.C. 102(b) and 35 U.S.C. 103(a) over Yasuda. 
Claims 28 and 30 are rejected under 35 U.S.C. 103(a) over Yasuda taken with U.S. 
5,298,350 and claim 28 is also rejected under 35 U.S.C. 103(a) over Yasuda taken with 
DE2758940. 

Reconsideration is requested in view of the new set of claims submitted herewith, 
the Declaration under 37 C.F.R. 1.132 submitted herewith and the positions set forth 
below. The declaration is permitted in view of the RCE. 

The new set of claims does not recite temperatures. Rather distinguishing 
features are levels of special grain boundaries (all claims), no increase in hardness 
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compared to before annealing (claims 44-47), deformed structure (claims 48-50), positive 
current collector, strap, lug or post (claim 51) and current collector (claim 52). 

It is submitted that the recitation of special grain boundary levels in all claims 
distinguishes Yasuda and the combinations including Yasuda relied on in the Office 
Action. 

This is firstly because of the showings set forth in paragraph 3 of the Declaration 
under 37 C.F.R.1.132 submitted herewith. These showings demonstrate that the only 
specific working example in Yasuda produces much less than 10% special grain 
boundaries, whereas the new claims require at least 20% special grain boundaries. This 
difference in special grain boundaries indicates better corrosion resistance for the claimed 
lead and lead alloys compared to the alloy prepared according to the only working 
example in Yasuda. 

The difference in results between the claimed subject matter and the analysis data 
of the sole working example of Yasuda, is not surprising since the objectives of the 
invention and Yasuda are different. The purpose of the invention is to increase corrosion 
resistance of positive current collectors for use in a lead acid battery. On the other hand, 
Yasuda wants to improve paste - current collector grid adhesion and to increase the 
service life (better cycling) behavior of grid-paste interface due to presence of antimony; 
Yasuda is not concerned about the corrosion resistance of the current collector per se. 

At the interview, the Examiner took the position that a showing based on 
Yasuda' s sole working example, is insufficient because Yasuda' s sole working example 
involves heat treating pasted plates at 60°C, whereas Yasuda' s rolling at 120°C or less 
implies that his heat treating limitation of 60°C or higher encompasses heat treating at 
higher than 120°C (when rolling is at 120°C) where at least 20% special grain boundaries 
would be obtained. 
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The recitation of special grain boundary levels distinguishes Yasuda, secondly 
because the Examiner's position set forth in the above paragraph, is submitted to be 
wrong both on legal and substantiative grounds. 

From a legal standpoint, it is submitted that Applicant's Declaration under 37 
C.F.R. 1.132 meets the legal standard of comparison to the closest prior art. In the 
present case, the comparison standard is Yasuda. Yasuda has only one working example. 
Applicant's showing compares to the sole working example of Yasuda. It is submitted 
that applicant should not be required to pick and choose from Yasuda' s general ranges 
including asserted implications thereof when the need for a certain level of grain 
boundaries is not disclosed in Yasuda, and Yasuda' s purpose is satisfactorily met by his 
sole working example. Note also that implications and assumptions are inappropriate for 
anticipation rejections. 

We turn now to the substantive reasons. It is submitted the Examiner's position 
on drawing an implication from Yasuda' s 120°C rolling temperature limit, has to be 
incorrect. This is because Yasuda' s heat treatment is carried out on pasted plate and heat 
treatment on pasted plates cannot be appropriately carried out above 66°C (see paragraph 
5 of the Declaration under 37 C.F.R. 1. 132). Otherwise the paste mass loses too much 
water. Heat treatment above the 66°C temperature, unfavorably influences paste density, 
paste workability, theoretical capacity and porosity, and causes change in plate color. 
Note that at 82°C, only 50% of the paste is converted to beta-Pb0 2 which provides the 
useful discharge capacity. See paragraph 5 of the Declaration under 37 C.F.R. 1.1 32. 
Note also that Yasuda' s paste contains water per se and water from dilute sulfuric acid so 
that at 100°C, the water would boil off, changing the paste composition. Thus, the heat 
treating temperatures of Yasuda contended by the Examiner, cannot be the case. 

The need for Yasuda to heat treat at 66°C or less as indicated above, apparently 
conflicts with Yasuda's cold rolling range. Applicant's should not be required to make a 
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showing encompassing this confusion or further limit its claims in view of this confusion. 

If 66°C is considered as the upper heat treating limit for Yasuda, it is submitted 
that the showing at 60°C is sufficient. The law is that applicant gets credit for a 
reasonable range around the showing. There is no reason to conclude that results at 66°C 
would be significantly different from those at 60°C. 

At the interview, at one point, the Examiner took the position, that Yasuda' s 
working example had to include a heat treating step at a temperature above 120°, 
subsequent to the heat treating of the pasted plate at 60°C. There is no basis in Yasuda 
for this position. According to Yasuda, after filling the mesh with the paste, part of the 
grid recrystallizes in the heat treatment, which is defined as 60°C/48 hours. See [0021]: 
"Moreover, about the part, while the crystalline structure after sheet production had been 
in the condition of a rolling organization, expanded processing was performed, it was 
filled with paste, heat treatment of 48hrs was performed at 60C after that, and the 
organization of part of grid was made to recrvstallize 'Yemphasis supplied). Yasuda 
provides direct evidence of the recrystallized grid after the 60C heat treatment in his 
Figure 3 as stated in paragraph [0025]. As Yasuda achieves his desired partial 
recrystallization at 60C/48hrs, there is no motivation for an additional heat treatment of 
Yasuda' s pasted plate above 120C as asserted by the examiner and therefore no 
additional heat treatment is required or disclosed in his example. Moreover, the 
Declaration evidence indicates that Yasuda would not pursue this heat treating sequence 
of first heat treating at 60°C and then at 120°C, because of the severe detriments that 
would occur in Yasuda' s pasted plates if this heat treating sequence were used. 

Recognition that Yasuda does not impact Applicant's new set of claims, is 
requested. 

Claims 1-12 and 14-39 have been rejected for obviousness type double patenting 
over U.S. Patent Nos. 6,086,691 and/or 6,342,1 10 and 6,592,686. Reconsideration is 
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requested. While claims 1-12 and 14-39 have been cancelled, terminal disclaimers are 
submitted herewith in anticipation of and to avert a double patenting rejection of claims 
40-52. 

Allowance is requested. 

Respectfully submitted, 
BACON & THOMAS PLLC 

i 

By: ^JtS^ M 

Eric S. Spector 
Reg. No. 22,495 

BACON & THOMAS PLLC 
625 Slaters Lane, Fourth Floor 
Alexandria, Virginia 223 14 

703 683 0500 Case: 6205 

B&T Docket No. AUST3001 CIP 

Date: October 18, 2004 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : Gino Palumbo Confirmation No: 3992 

AppL No. : 09/991,702 

Filed : November 26 ( 2001 

TC/A.U. : 1742 

Examiner ; S. Ip 

Docket No.: ; AUST3001/JDB 

Customer Nor : 23364 



DECLARATION UNDER 37 C.F.R. 1.132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

We, Klaus Tomantschger and Peter Lin, hereby declare! 



1- Klaus Tomantschger has a PhD in chemical engineering from Technical 
University Graz in Austria. He is presently vice president of intellectual property at 
Integran Technology. 

2. Peter Lin has a PhD in metallurgy from the University of Toronto. His title 
is Project Engineer, Integran Technology. 

3, Experiments were carried out under our supervision as follows. The 
experiments and results thereof are outlined in GBE Pb IP case (#62051 Support report of 
September 24, 2004, copy attached. The report also includes data (Results/Objective 3) 
of work carried out by Banner Power Company at our request in Linz, Austria. The results 
show heat treating at 60 °C for 48 hours after cold rolling at 90% or 30% and in Banner's 
case at 60 D C for 53 hours and 95% RH after cold rolling (85% deformation}, provided Fsp 
content significantly less than 1 0%. The alloy for the first case was Pb-0.065Ca-1 A Sn 
and in Banner's case Pb - 0.75Ca-1 ,35Sn. The results indicate much lower corrosion 
resistance than in the case of Fsp content of the invention. 



1700/300 'd 



999lS<L99lt7(XVJ) 



S3ID010NH031 NVy93iNI 98=60 (rHL)TO03-tU-JLX 



10/14/2004 09:15 FAX 703 883 1080 BACON & THOMAS 



Appl. No. 09/991,702 
October 14, 2004 



13 003/004 



4- Experiments carried out by Banner at n ,. r « 
titled 'Heat treatment (QBE) of pasted n.^ 1 * rep °* 

therefore unaccepted p / '"^^ ~ °< «""* ^n- 

^^JLJ^T^T^r T adhesion (a req ~ * 

10 minutes produced bu rnin 8 an weak p te T " ~ * 295 °° 

8 weak plates - unacceptable plates. 

-Jl ^Z^Z^; ,977 ' copy atta * ad - ,h ° - *» - - 

Plarson. 19701. The mas. I™. . . SecMns 2.1 and 3.3 and 

FW Sources: fVoceedinos n^h B T DeU< " , "» ne '>' " Non-meehanlca, Electa, 

above 66»C for oas^tT " " U "' > ™ a - " « 1 17 tha, coring 

aoove C for pasted plates gives change in pl«e color and tha, a, 82°C onlv 50% » 

paste is convex ,c net, - PoO, „h,ch provides ft. osefp, d Jharge Jpact Th 

heat — — — * — — - ni™ a ^ 

-low. for hsa, tre„,„g . paste0 p,^ „ „ nmpman sr61>ter „ * 

su,ement H hSt "" S,atementS her,,in 0U ' knowtadB « «• »" *« ■» 

" ° °" ' n,0rma,i0n """ ™ *° * ™ ; - *«« "« — 

I" T "* *" tn0 " kSd <*> « h <» «— and ft. «„. so 

ft U a 7r ^ "" 0riS °— • " »*■ »— ,001 Of Titie „ 

oTfte^r T "* "" M ,a,s " M ™ ™* «— *• *• — * 

of the application or any patent issuing thereon. 



-2- 



t700/S00 "d 



999L9/L99Lt7(XVd) 



S3I9010NH031 NVy93iNI ,18:60 (nHl)t700S-l7L-lOO 



10/14/2054 09:15 FAX 705 6*3 1050 BACON & THOMAS 



lg)004/004 



Appl. No. 09/991,702 
October 14, 2004 



Date 



Klaus Tomantschger 




Date 




oter Lin 



i:\PiBdueBtWM\Doctsraiiomoia.. 



999L9A99Lt7(XVd) 



S3I9010NH03i NVd931NI 



<L£:60 (nHl)t700S-t7L-lOO 



sT\ PTSv 1 


INTEGRAN 

TECHNOLOOIES INC. 


/ «\ 


[ mi \ b UN* A 

L W & GBE Pb IP Case (#6205) Suppc 
\Sv & 


>rt 


Project No: 

2004-1 NT-503- 


■ — 
0193 


igfisomer Req. No.: 


Date of Issue: 
Sep. 24, 2004 


Page 1 of 3 



R A f!KGROUND 

The objective of this work was to provide eKperimental data for Integran's US Application 09/991,702 
^6205 to address the final rejection of July 26, 2004. Various tasks ^^^^^ 
nrocessing were performed using_a lead alloy having a nominal composite of 0 065%Ca and 1.4/oSn 
S falfsTnto the alloy range of Yasuda 0.05%-0.08%Ca and 0.5%-2%Sn and ,n composition is very 
similar to the Pb-0.070%Ca-1.0%Sn alloy Yasuda used in his example (which is laminated to a Pb- 
0%Sb Jo5 OSn alloy sheet). The Pb-Ca-Sn alloy was melted and held at 520°C .for 20 minutes prior to 
casting After processing (MM and hardness analysis was conducted. The first objecfve was to compare 
Z Sets of a'paste drying treatment at 60 °C for 48 hours as disclosed by Yasuda with a GBE-anneal 
treatment as disclosed in US Application 09/991,702 (10min@250 C). 

Processing matrix (objective 1): 

□ Cold rolling 90% 

□ Cold rolling 90% + heat treating @ 60°C for 48 hrs 

□ Cold rolling 90% + heat treating @ 250°C for 10 minutes 

□ Cold Rolling 30%+ heat treating @60°C for 48 hours 

□ Cold Rolling 30%+ heat treating @250for 1 0 minutes 



The second objective involved heat treating a lead alloy having a nominal composition of 0.06 ^Ca and 
4%Sn for 24 hours at 99°C which is below the minimum temperature specified in US Application 
09/991 702 (>100 °C). This represents the highest temperature conceivable to heat-treat pasted plates at, 
although this treatment would result in pasted plates unsuitable for use in battenes. 



Processing matrix (objective 2): 

□ Cold rolling 90% 

□ Cold rolling 90% + heat treating @ 99°C for 24 hrs 



The third objective involved determining the Fsp count of the pasted and cured Banner plate (0^5%Ca 
and 1 .3%Sn), which was not destroyed by a high temperature heat-treatment (see Banner Heat Treatment 
Report). 

OEM Analysis of Banner pasted® cured grids (objective 3): 
□ Cold rolling 85% + heat treating @ 60°C for 53 hrs 
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RESULTS/ Objective 1 



Sample 
Control 



Deformation [%) 
90 



Heat Treatment 
Temperature [°C] 

N/A 



Heat Treatment 
Duration 

N/A 



Fsp Count, [%] 



«10 



Hardness [HV] 



12.2 



#la 



#3a 



90 



90 



60 



250 



48Hrs 



lOmin 



«10 



35 



19.7 



8.3 



#lb 



30 



60 



48Hrs 



«10 



15.2 



#2b 



30 



250 



lOmin 



37 



7.5 



ANALYSIS Objective 1 

(1) The OIM results indicate that the prolonged low temperature annealing tre^ment ^(60J for 
48hrs) of the deformed lead alloy (Pb-0.065Ca-l.4Sn) resulted m a Fsp count of less than 10/o 
irrespective of the degree of prior deformation (i.e., 30% and 90%). 

(2) The high temperature annealing treatment of the deformed lead alloy resulted in a Fsp count in 
the range of 35-40% with a significant presence of SI -type gram boundaries. 

m The hardness of samples processed according to the patent specification (Fsp>20%) was lower 
P) £. the Sness of the Ltrol while the harness of samples processed aecordmg to Yasuda 

increased in hardness over the control. 
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RESULTS/ Objective 2 



Sample 


Deformation [%] 


Heat Treatment 
Temperature [°C] 


Heat Treatment 
Duration 


Fsp Count, [%] 


Hardness [HV] 


Control 


90 


N/A 


N/A 


«10 


12.2 


#lc 


90 


99 


24Hrs 


«10 


14.4 



ANALYSIS Objective 2 

(1) The OIM results indicate that annealing the deformed lead alloy (Pb-0.065Ca-l.4Sn) at 99°C for 
24 hours yielded a Fsp count of less than 10%. 

(2) The hardness of the heat treated sample increased over the hardness of the control material due to 
age hardening. 



RESULTS/ Objective 3 



Sample 


Deformation [%] 


Heat Treatment 
Temperature [°C] 


Heat Treatment 
Duration 


Fsp Count, [%] 


PC 


85 


60 


53hrs 


«10 



ANALYSIS Objective 3 

(3) The OIM results indicate that annealing the deformed lead alloy grid (Pb-0.075Ca-l.4Sn) after 
pasting and curing at 60°C for 53 hours yielded a Fsp count of less than 10%. 



Dr. Klaus Tomantschger 
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Objective: 

Evaluation of the influence of heat treatment (GBE 10 minutes @ 295°C) of pasted and 
pasted&cured positive expanded metal plates with Pb-Ca-Sn alloy gnds. 

Test procedure: 

- A 6.7 mm thick strip of a Pb-0.075Ca-1 .3Sn alloy was cast and roiled to 1 .0mm. The rolled strip 
was expanded to a mesh and pasted with active material. 

- Take some plates direct after stacking (moisture appr. 9%) and heat treat these 

- Takfs^ same rack after curing and heat treat these plates (10 min @ 295°C) 

- Compare these plates with conventionally cured plates. 

- Performance test, if possible. 

Analysis: 

- optical check (paper loss) 

- mass grid adhesion 

- free lead/moisture after treatment 

- x-ray diffraction (crystal structure) 

Documentation: 




■ no mass grid adhesion 

■ Paper loss due to heating 

■ almost no lead oxidation 
- very weak plates 



■ standard, proper cured 
plates with good mass- 
grid adhesion and less free 
lead after curing 



■ black burning spots on paper 
surface 

- no additional decrease of 
free lead due to heating 
procedure 

- weak plates 



Dokument C:\DOKUME-1\FVE\LOKALE-1\Temp\nrtesABC2C5V-731 B94B.doc 
Erstslldstum: 
07.09.2004 



Andenmfl: 07.095004 



p7319948.doc am 07.09.04 
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Definitions: 

PC 

PHT 

PCHT 



pasted and cured plates (53 hrs @ 60°C. 95% RH) 

pasted and heat treated plates (10 min@295°C) 

pasted, cured (53 hrs @ 60°C, 95% RH) and heat treated plates (10 mm @ 

295°C) 



X-rav analysis (crystal structure): 





PHT 

pasted heat treated 


PC 

pasted cured 


PCHT 

pasted cured and heat treated 


PbO tetragonal red 


ca. 77-80 % 


ca. 80-82 


ca. 80-82% 


Tribasic lead sulphate 


ca. 20-23% 


ca. 18-20% 


ca. 18-20% 


Tetrabasic lead sulph. 


<3% 


<3% 


<3% 



No detection of tetrabasic lead sulphates due to heat treatment of the pasted plates (water 
evapo^nduring hea, treatment is too fast to produce tetrabasic crysta J J usually crystal 
growth is a very slow reaction which would need much moisture in the plates!!) 

Conclusion: 

. Minh tPmnsrature h^ * '~ a tmpnt nf pasted plates shows almost no lead oxidation which should 
oSur during the .standard'curing process (spec, is less 2% free lead after cunng). 

- Very poor paper adhesion on the plates was also observed. 

- Almost no mass-grid adhesion was noted. 

Hi gh temperature heat treatment o f cured plates: 

- High temperature heat treatment after curing results in dark burnt spots on the pasting paper. 

- Plates/mass showed some cracks (expected to lower discharge capacity and cycle life). 

- Verv weak plates after heat treatment . . 

- hS temperature heat-treatment of cured plates results in plates unsuitable for use in lead-acid 

batteries. 

»m^„ enhj afteri t» a high tempe r *^ twat treatment (10 min (5) 295X) neither the pasted 
Tr ^Ld ™h ...red positive g HHc ^properties similar to standard cured pos.trve 

fi^.^ ™** ^hesion to t - the poor strength and cracking observed the 
^ ItJrivn "c" H to a hioh temperature heat treatm ent could not be mounted m batteneTand 
E^SjjSjjJ S» !w»MH^I perfor ^n.lTnHnding discharge capacity and cycie If w.ll 
be very poor. 



with kind regards, 



Ing. Helmut Diermaier 

R&D / Process Engineer Banner GmbH 

Dokument C :\TX>KUME-1\FV€\LOW^-1\T B fnpW>te*ABC2C5V7318B4e 
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Table 3.5. Notations for Calculations of the Chemical Heat Effects of Mixtures of Lead Dust, Water 
and Sulfuric Acid: Composition in Moles 
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Table 3.7. Time Dependence ok the Curing Process" 



<') (^) 0) (4) 

Water Void 

Void Content and H 2 0- 

Test Volume V w Volume 

Number {V v ) ( 100 ir (H 2 0)) {V y + V w ) 



Initial 
value 

I 

2 
3 
4 
5 
6 
7 



Final 
value 



0.0 
0.4 
0.9 
1.7 
3.0 
4.2 
9.0 
10.2 
11.5 

12.5 



20.0 
19.0 
14.0 
11.8 
9.1 
8.6 
3.9 
2.8 
1.0 



20.0 
19.4 
14.9 
13.5 
12.1 
12.8 
12.9 
13.0 
12.5 

12.5 



(5) 
Change 
in Void 
Volume 



0.4 
0.5 
0.8 
1.3 
1.2 
4.8 
1.2 
1.3 
1.0 



(6) 
Change 
in H 2 0- 
Volume 



-1.0 
-5.0 
-2.2 
-2.7 
-0.5 
-4.7 
-1.1 
-1.8 
-1.0 



O) (8) (9) 

Chan S e Content 

of Total Shrinkage of Metallic 

Volume Factor p D 

(AV A ) i*V w t&V A ) [lOOu(Pb)] 



-0.6 
-4.5 
-1.4 
-1.4 
+ 0.7 
+ 0.1 
+ 0.1 
-0.5 
0 



1.7 
1.1 
1.6 
1.9 
0.7 

47 

II 
3.6 



18.01 

1 7.3 J 

18.0 

17.8 

17.9 

10.5 

10.6 

10.3 



(10) 
Pore 
Diameter 
it 
(/im) 



20-30 

11.2 
3.2 
1.9 
0.34 
0.24 
0.32 



S ideal — 



20 - 11.5 



Jw - ,= 20+ lI.0 = °- 27: S -" s 



20 - 12.6 
20 + 11.0 



■ 0.24 (for test No. 3) 



■ All volumes are given in liters/100 kg, mass content in JOOvv- weight %, solid volumes amount to 1 1 liter/100 kg. 
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Table 3.8. Dependence of Shrinkage ok a Lead Dust Paste on Water and Acid Content* 



(I) 

Water 
Content 

(%) 



(2) 

H 2 S0 4 
g/1 kg 
Pb- 
Dust 



(3) 
Water 
Value at 
Maximum 
Density 
(liter/kg) 



(4) 



(5) 



Paste Density 
(kg/liter) 



(6) 

Solid 
Volume* 



Experimental Calculated (liter/kg) 



(7) 

Void 
Volume 

Vv 
(liter/kg) 



(8) 
Change in 

Total 
Volume 

(liter/kg) 



(9) (10) 

Shrinkage 
(vol %) 



(11) 



(12) 



20 
20 
20 
20 
20 

18 
20 
22 
24 



0 

0.02 
0.03 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 



0.100 


4.10 


3.98 


0.102 


0.145 


0.114 


4.09 


3.97 


0.108 


0.144 


0.120 


4.05 


3.97 


0.110 


0.141 


0.126 


4.08 


3.96 


0.H3 


0.139 


0.133 


4.05 


3.96 


0.115 


0.143 


0.133 


4.21 


4.17 


0.115 


0.137 


0.133 


4.05 


3.96 


0.115 


0.143 


0.133 


3.83 


3.79 


0.115 


0.162 


0.133 


3.65 


3.63 


0.115 


0.172 



0.055 
0.056 
0.059 
0.061 
0.057 
0.043 
0.057 
0.058 
0.068 



18.2 
18.2 
19.0 
19.4 
18.1 
14.6 
18.1 
17.3 
19.2 



33.1 
27.9 
25.8 
23.6 
21.2 
I5.y 
21.2 
26.0 
30.1 



0.045 
0.030 
0.021 
0.013 
0.010 
0.004 
0.0 10 
0.029 
0.039 



0.31 
0.21 
0.25 
0.09 
0.07 
0.03 
0.07 
0.18 
0.23 



" See Figure 3.9; V nv>x = maximum density. 

* Initial value with W(Pb m J = 0.30; final value after oxidation W(Pb roel ) < 0.05. 
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A STUDY OF SOME OF THE 
CRYSTALLOGRAPHIG AND MICROSCOPIC 
ASPECTS OF THE CURING OF POSITIVE 

LEAD-ACID BATTERY PLATES 

John R. Pierson 
Globe Battery Division, Globe-Union Inc., Milwaukee, Wisconsin, U.S.A. 
ABSTRACT 

S^iSSiSSST-S ^junction with X-ray diffraction pattern, 

in the formcd.plates of varying cure history are dttcussed. 

INTRODUCTION 
Interest in the crystallographic nature of the positive and negative active 
jSTta lead-add battery plates has been stimulated m recent years 
by the extremely interesting and comprehensive reports generated athe 
TJ V S Naval Research Laboratory. The microscopic studies of A C S.mon 
and <L X-ray diffraction techniques of J. Burbank are particularly note- 
"oX The publ-tions released by these researchers have P-en to be 
^valuable references for anyone seriously interested u mvesUgatmg he 
c^Sographic characteristics at various stages of battery plate processmg 
S Se Much of the work reported upon in this paper had us ongm m 
findings published by NRL personnel. 

BACKGROUND 
Uncalcined or leady litharge has been utilized in the 
paste for lead-acid battery plates for 25 years or more. Ihis matenal, 
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was analyzed for moisture and metallic lead content. The progress of these 
two reactions as a function of time in a typical load is illustrated in Fig. 1. 
The two reactions occur simultaneously and complement each other since 
water is a necessary catalyst in the exothermic metallic lead oxidation and 
heat is required to evaporate the moisture from the plate. 

To determine the manner in which the metallic lead is distributed and 
the way' in which it reacts, metallurgical specimens were prepared for 
microscopic examination. Sample plates at various stages of cure were 
thoroughly dried and impregnated with epoxy resin under a vacuum. 
Upon hardening, the samples were cross sectioned, ground and polished. 
The procedures and equipment for sample preparation and microscopic 
observation were those introduced by Simon (1) with only slight modification 
by the author as previously described/ 2 * 

Examination of the mounted, uncured plate segments revealed that the 
metallic lead particles in plates made with Barton pot type oxide arc 
generally spherical in shape and vary in size from under a micron to about 
50 microns in diameter. Partially cured plate segments (Figs, 2 and 3) 
exhibited particles of lead in an incompletely oxidized state. The centers 
of the original lead particles remained metallic at this stage while die outer 
portions have undergone oxidation. As might be expected, very few un- 
reacted metallic lead particles were observed in the fully cured samples. 

Another important aspect of the curing reactions— the oxidation or 
corrosion of the periphery of the grid, bars— was not evident in samples 




Fie. 2. Partially oxidized panicle or metallic lead. 
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bars which results from this reaction improves the bond between the grid 
and the adjacent paste and, hence, strengthens the plate. 

Basic Lead Sulfate Reaction 

The next series of laboratory experiments undertaken was programmed 
to determine the effect of various curing parameters (temperature and 
humidity) on the curing reaction rates and on the crystallography of the 
cured plate. • 

Freshly pasted, uncured positive plates were placed in a controlled environ- 
ment chamber and allowed to cure. Sample plates were removed after 
various cure durations, analyzed, mounted and polished as described 
above. The temperature within the chamber was varied between 100°F 
and 200°F and the relative humidity between 20 and 100 per cent. 

Plates cured ir; t the lower relative humidity range (<80 per. cent) tended 
to dry out quickly leaving large quantities of unoxidized metallic lead. To 
avoid this condition, 100 per cent relative humidity was established as a 
standard for all subsequent curing experiments. 

As the cure temperature was increased beyond 100 o F, very little improve- 
ment in the rate of oxidation was noted; however, a change in at least one 
physical property — color— was quite obvious. Plates cured at temperatures 
fo$L below about 150°F changed very Htde in color— retaining their original 
yellowish-beige color throughout the cure cycle. Plates cured above this 
temperature, however, turned orange or reddish-orange by the time they 
were completely cured — the higher temperatures producing the darker 
colors. The color change could not be attributed directly to the oxidation 
of lead because virtually all of the metal was oxidized during the curing 
of the light as well as die dark plates. The color of plates cured at high 
i^C (180°F) and low (120°F) temperatures as a function of time, measured with 
a reflectance colorimeter is indicated in Fig. 5. The high temperature curve 
shows a gradual darkening of the plate beginning at a cure time of approxi- 
mately 10 hr, followed by an abrupt point of inflection (darkening) after 
about 20 hr of curing and then a levelling off from a cure lime of 24 hr on. 
X-ray diffraction equipment was used as a supplementary tool to the micro- 
scope in determining the crystallographic significance of the high tempera- 
ture color change. 

The X-ray diffraction patterns, as traceel by a diffractometer, identified 
the materials present in the uncured plates as metallic lead, lead monoxide 
(tetragonal), lead monoxide (orthorhombic) , and tribasic lead sulfate 
hydrate (3PbO*PbS0 4 -H 2 0). The low-temperature-cured (light colored) 
plate contained the same compounds throughout curing, but, of course, the 
amount of metallic lead present diminished with increasing cure dine. Diffrac- 
tion patterns of the high-temperature-cured posidve material began to show 
peaks for anodier basic sulfate— tetrabasic lead sulfate (4PbOPbS0 4 ) — 
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Fig. 6. Basic lead sulfate content versus cure time. 
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Frc 7. Microstmcture of positive paste — cure time 0 hr (180^ cure). 

specimens taken after 10 hr of high temperature curing (Fig. 8) began to 
exhibit some large, coarse, dark-colored crystals. After 24 hr of high- 
temperature curing, the plate was comprised almost exclusively of very 
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EXPERIMENTAL FORMATION 
Several sets of cured positive plates (three to five plates per set) repre- 
senting the various compositions and crystal structures were clecrrochemi- 
cally formed to determine the effect of the two basic sulfates on the electro- 
chemical properties of the plate. The plates to be formed were placed in 
transparent plastic cells so that the visible formation progress of the positive 
plates could be observed and photographed. The plates were connected in 
series and formed at the 20-hr rate (1.6 A) using a constant current, direct 
current power supply. Standard production negative plates, of identical 
weight and density, from a single mix were used as the counter electrodes 
and 1.050 specific gravity sulfuric acid as the electrolyte. 

Photographic Technique 

A 35-mm half-frame cameraj mounted on a tripod and equipped with a 
spring-driven film-advancing motor, was used for photographing the 
formation progress. A cam-timer was employed to trigger automatically 
the camera's shutter and photograph the positive plates in the cells each 
hour during the formation. The timer was programmed for the following 
sequence: (1) turn the two photoflood lamps on; (2) activate the solenoid 
which, in turn, pneumatically advances the cable release plunger, thus 
opening the shutter and taking the photograph; (3) deactivate the solenoid 
thus pneumatically withdrawing the plunger, advancing the film to the 
next frame and cocking the shutter for the next picture; and (4) turn the 
photoflood lamps off. With this automated set-up no attendant was required. 
High-speed color reversal film was used and the resulting positive slides 
and color prints were compared in sequence. 

Experimental Formation No. 1 

The three positive plates shown in Fig. 10 originated in a single batch 
of paste. The light-colored (yellowish-beige) one at the left was cured at 
120°F for 48 hr and contains no tetrabasic lead sulfate. The center plate, 
which is yellowish-orange, was cured at 150°F for 48 hr and is comprised 
of both tribasic and tetrabasic lead sulfate. The right-hand plate (dark 
reddish^range) was cured for 48 hr at 180°F and all of its lead sulfate is 
in the tetrabasic form— no tribasic lead sulfate was detected in this sample. 
The curing of all three plates was carried out in a 100 per cent relative 
humidity atmosphere. 

The three plates were formed in individual cells and the progress photo- 
graphed as described above. Figure 10 shows the three positive plates at 
the start of formation. In Figure 1 1 the plates have been formed for 5 hr 
and the originally dark-colored, right-hand plate exhibits more darkened 
area (Pb0 2 ) than either of the other plates. This trend became even more 
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Fig. 12. Formation of positive plates of varying cure history— formation 
lime 10 nr.. 




time 15 hr. 
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The subsequent microscopic examination of the metallurgicaliy prepared 
samples served to confirm the analytical results and to characterize more 
completely the crystallographic nature of the formed positive active 
material. 

Table 1 . Formed Positive Plate Composition 
Exp. Formation No. 1 



Plate No. 


Unformed color 


% Pb0 2 


% a-Pb0 2 


1 (left) 


Yellowish -beige 


80.0 


23.0 


2 (center) 


Yell owish-orange 


71.5 


28.7 


3 (right) 


Reddish-orange 


52.4 


36.4 



The formed sample representing the originally light-colored positive 
plate appeared to be almost completely converted to finely divided lead 
dioxide and a good share of the lead dioxide was of a reddish- brown color 
indicating a preponderance of beta lead dioxide. 




Fig. 15. Microslructure of high-tcrapcraturc cured positive paste 
after formation. 



Examination of the formed positive material originating from the dark 
reddish-orange unformed plate revealed quite a different structure. The 
majority of the coarse crystals which made up this specimen appeared to 
be incompletely formed. The peripheries of the large tetrabasic lead sulfate 
crystals were converted quickly to lead dioxide giving the outward appear- 
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When a positive plate undergoes high-temperature curing (> 150°F), the 
finely divided crvstals of tribasic lead sulfate present recrystallize as large, 
coarse crystals of tetrabasic lead sulfate. This recrystallization is generally 
accompanied by a change in plate color from a yellowish-beige to a dark 
reddish-orange. 

Plates which contain a significant quantity of the large tetrabasic lead 
sulfate crystals appear to convert very rapidly to lead dioxide on formation. 
Actually the electrochemical conversion to lead dioxide is only superficial 
since the formation does not penetrate into the centers of the crystals. 
The ramifications of this type of incomplete formation should he quite 
apparent to those familiar with battery manufacturing and testing. 

First, since only slightly more than half of the material (52.4 per cent) in 
the hifo-temperature-cured plates i s actually converted to useable lead 
dioxide and a large portion of that (36.5 per cent) is in the lower capacity 
alpha-Pb0 2 form, initial yields or efficiencies for a battery containing this 
type of plate would be extremely low. 

Secondly, on subsequent cycling, more of the interior of these crystals 
would be converted to. lead dioxide thereby releasing additional sulfate 
ions. This would lead to high electrolyte specific gravity and uneven gravities 
or concentrations from one cell to the next. 

Both of the above effects were verified by assembling and testing batteries 
containing plates cured at elevated temperatures. 

Tetrabasic lead sulfate crystals and the lead dioxide crystals which they 
are converted to during formation do have some desirable characteristics. 
The surface of these crystals forms very rapidly and serves to distribute 
the formation current throughout the plate. The size and high density of 
the crystals also would appear to enhance the mechanical strength of the 
material. If recrystallization of the basic sulfates can be regulated such that 
the quantity, shape and distribution of these crystals is optimized, it should 
be possible greatly to improve the efficiency and strength of the positive 
active material during formation and subsequent cycling. 

Another approach designed to take full advantage of the crystallographic 
transformation would be aimed at methods for more completely converting 
the centers of the crystals to lead dioxide— preferably the higher capacity 
beta polymorph. This would result in a cellular structure with a hard, 
dense, conductive outer layer surrounding a high-capacity, finely divided 
central portion. This type of structure, if obtainable, would closely resemble 
that which Simon<*> noted and Burbank <5) characterized in examining 
long-lived positive lead-acid submarine battery plates. 

The original photographs were in color and some of the contrast and 
resolution has naturally been lost in conversion to black and white prints 
for publication. 
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the orthorhombic or the tetragonal oxide which was preferentially "absorbed" into the 
tribasic sulfate. This would help resolve a perennial question which is raised among battery 
people. The orthorhombic is less reactive than the tetragonal form. 

J. R. Pierson: This, perhaps, is one of the things that prompted Mr. Crow's question on 
a very convenient way to determine the answer to your question. It would be very simple to 
make a high orthorhombic lead oxide with the Barton system and compare it with a tetra- 
gonal oxide from the ball mill system. The question has arisen in my mind but I haven't 
resolved it yet. 

J. P. G. Farr (Metallurgy Dept. University of Birmingham) : In connection with the question 
by Dr. S. C. Barnes concerning the production of PbO a from tctrabasic sulfate during 
formation, observations made by G. W, Greene and myself on the corrosion of the positive 
plate during service may be relevant. In a thin corrosion layer adjacent to the grid are found 
basic sulfate (in particular 4PbO.PbS0 4 ) and retained antimony. This suggests corrosion 
under conditions of reduced acidity (cf. curing). In a thicker, outer corrosion layer is found 
Pb0 2 (90%a,10%/J). Antimony is removed from the initial layer in its transformation to the 
second layer. The latter thickens during service life, suggesting that it is comparatively 
unreactivc clectrochemically. If this thicker layer were converted to PbS0 4 on discharging 
then, following Burbank (J. Eltctrocliem. Soc r 106 (1959), 369) and Bagshaw and Wilson 
{Electrochem. Acta io (1965), 867), one would expect 0PbO 2 to be formed on recharging. 
The initial corrosion layer is up to 10p in depth. It was characterized by electron diffraction 
using an A.K.I. RM6 electron microscope modified to give an expanded camera constant. 
This technique, which allowed basic sulfates to be distinguished, is to be published 
(B. Duggan and G. W. Greene, J. Roy. Microscopical Sac., 1968). 
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